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Abstract 
Neurological emergencies occur in millions of Americans every year with frequently 
devastating results. Examples of these types of emergencies include acute pituitary failure, acute 
stroke, sub-arachnoid hemorrhage, severe traumatic brain injuries, and acute symptomatic 
seizures.  Traumatic Brain Injury (TBI) is one common neurological condition that has high 
morbidity and mortality. If not assessed quickly and efficiently, the severity or indicator of 
underlying injury can be mistaken leading to either catastrophic consequences or the triaging of 
patients with non-significant injuries to Trauma centers under the suspicion of having a possible 
TBI. Advanced industry tools such as CT scanners and MRI machines have been used to 
perform imaging studies for diagnostic, re-evaluation and monitoring purposes inside tertiary 
care centers. However, these machines are very expensive and bulky while requiring the user to 
remain still for extended periods of time; which makes them inappropriate for continuous 
monitoring.  
The use of these advanced diagnostic technologies to perform a full evaluation of acute diseases 
is not only critical, but frequently treatment based on evaluation findings makes the transferring 
to specialized medical centers absolutely necessary. The optimization of diagnostics is critical 
here as early diagnosis/and or treatment can have a significant impact in increasing or 
decreasing a patient’s chance for survival in the face of prolonged transport or treatment 
response timing. Currently, there is no efficient time-dependent tool to allow first responders to 
gather diagnostic information to assess a patient’s risk of having acute neurological illness or 
injury at the point of care. Such a device would facilitate better care and possibly better 
outcomes for a large group of vulnerable patients. The goal of this research is to develop a non-
invasive time-dependent technology for appropriate use in assisting medical providers and first 
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responders with real-time bedside capabilities that can address neurological emergencies. 
An efficient handheld Electroencephalograph device prototype is presented here using a 
dsPIC33 microcontroller, bristled silver/silver chloride electrodes, and ADS chip. EEG is the 
only method in use today which will allow for the non-invasive measuring of brain activity. The 
system described utilizes dry electrode placement, digital signal processing, and Bluetooth to 
record, collect, and transmit digitized brain signal data wirelessly from the patient to a remote 
desktop device (laptop) for analysis. In this way the system has become more portable, easier 
and less time consuming to prep, eliminates the need for a wired connection, and would give 
future first responders a quicker way to access information from patient brain waves at the point 
of care. 
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1. Introduction and Background 
1.1   The Silent Epidemic 
Neurological emergencies occur in millions of Americans every year with frequently 
devastating results. Examples of these types of emergencies include acute pituitary failure, acute 
stroke, sub-arachnoid hemorrhage, severe traumatic brain injuries, and acute symptomatic 
seizures.  Traumatic Brain Injury (TBI) is a one common neurological condition that has high 
morbidity and mortality. TBI is referred to as the “Silent Epidemic” because the severity of the 
injury may not be apparent initially. Prolonged periods of time without appropriate treatment 
can lead to various complications down the line such as: changes in the patient’s thinking and/or 
comprehension capacity, their emotional state, sensation ability, awareness, or even a change in 
speech [2]. In extreme cases improper assessment of TBI severity leads to symptom escalation 
going undetected hours, or days before a person’s death. Early detection of severity for these 
injuries can have a significant impact on increasing or decreasing a patient’s chance for survival 
[3].  
 Currently, there is no efficient commercial tool to allow first responders to gather diagnostic 
information to assess a patient’s risk of having traumatic brain injuries or be able to gauge the 
severity of injury. Such a device would facilitate better care and possibly better outcomes for a 
large group of vulnerable patients. TBI related injury, deaths and disabilities affected all age 
groups, races/ethnicities, and classes with approximately 1.7 million U.S citizens sustaining a 
TBI annually [1]. According to the Centers for Disease and Prevention’s, TBI is one of the 
leading causes of death and disability in the United States with approximately 53,000 persons 
dying from TBI-related injuries annually [1]. If not detected quickly and efficiently, TBI can 
11 
 
have catastrophic consequences such as loss of hearing and sight, motor skills, loss of memory, 
coma, and in the most extreme of cases death. The annual cost of TBI in the United States is 
estimated at $60 billion. This includes direct medical and rehabilitation, and indirect societal 
costs [1]. Over time the fallout from this condition takes a toll on the patient, their families and 
society as a whole. It is clear that traumatic brain injury, just one of many acute neurological 
emergencies, is a serious global, economic and health concern. 
1.2   Objective 
There is an immediate and significant need for a point of care technology that has the capability 
to allow first responders to gather diagnostic information to assess a patient’s risk of having 
acute neurological illness or injury. Paramedics need an efficient way to determine the rate of a 
cerebral profusion, during pre-hospital care as it can guide them towards the immediate 
actions/goals that need to be taken to determine the best care or therapy plan for that patient. 
There are many studies and articles that have been dedicated to the effects of pre-hospital care 
on the survival rate of patients experiencing acute neurologic emergencies [3] [5] [6]. There is 
evidence that a trained first responder can improve the outcomes of trauma patients in situations 
where the time to reach a hospital (including pre-hospital transport) is over two hours from the 
time of injury [5] [6]. This is critical for patients in semi-urban and rural areas where access to a 
high level trauma center is not always quick. Early diagnosis and intervention of trauma could 
improve the outcomes for those injured in war zones, where medical attention is needed on site 
and the time to reach an appropriately equipped hospital is significant. 
1.3   Electroencephalography 
Electroencephalography is a technique that is used to record and interpret the electrical activity 
of the brain. An instrument known as the electroencephalograph was developed in 1929 by 
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German scientist Hans Berger. The recording that is then produced by the electroencephalograph 
is called an electroencephalogram, otherwise known as EEG. Having been a fairly recent 
scientific development of roughly 85 years ago, Berger’s first report on the recording of human 
brain activity was met with a great deal of skepticism from the community. In fact 
electroencephalographic measures did not become widely accepted until the mid-1930s. In the 
following years important progress would result from rapid developments in data collection, 
reduction, and analysis [9]. 
Electroencephalography (EEG) can be used as a non-invasive method for the measurement of 
cerebral/neuronal function of the brain and has been used in the assessing of the outcome of 
acute neurological emergencies such as traumatic brain injury [4]. By observing the electrical 
activity of the brain, distinct patterns can be used to indicate the severity of the patient’s injury, 
their depth of consciousness, and assess their chances of recovery. The electrodes used to gather 
brainwaves for EEG diagnostic/monitoring can be used for BCI applications. Brain Computer 
Interfacing (BCI) is a general term for a system that uses neurological input to interact with 
technology.  This means that you can use the brainwaves of a person to type letters, play games, 
or even control robotic components [7]. Combining EEG technology with a BCI platform can 
create a pathway between the brain and the outside world. The system can achieve this by 
translating signals from the brain into machine code or commands [7]. 
Currently most portable EEG systems require wearing a cap set with tiny electrodes that have 
to be prepped using conductive gel.  When placing the electrode cap on the scalp, the skin 
under each electrode must be abraded to remove the dead skin layer that is non-conductive. In 
order to get a usable signal both skin abrasion and the conductive gel are necessary. It could 
prove to be problematic for the user if the tool being used is time-consuming, uncomfortable, 
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and painful to a patient potentially suffering from neurological illness or injury. Current 
clinical EEG-based devices are too large to be considered portable. An important goal of this 
project is to have something small and simple enough to use to fulfil the needs of the user and 
patient alike. The device should require minimal to no preparation to set up, should avoid 
putting excess pressure on the head, should be compact,  and wireless to allow efficient use, 
storage and communication. 
1.4 Literature Review 
1.4.1 Clinical need for Point of Care Technologies in Neurological Emergencies 
Acute neurological emergencies are common and pose a threat to life. These emergencies will 
often strike without warning, and therefore medical intervention (rapid diagnosis) must occur as 
soon as possible. This will minimize physical impairments to an individual that are significantly 
damaging or could become permanent [8]. Emergency departments (EDs) are typically the initial 
contact for a patient that is seriously ill or injured. All of their care will begin with an emergency 
physician whether or not they may need to go to an intensive care unit, the interventional 
radiology suite, or the operating room. It is vital that emergency physicians have an expertise in 
recognizing these disorders and rapidly initiating appropriate treatments [10]. However, the time 
to transport a patient to an emergency department could be significant adding to the already 
critical treatment delay making pre-hospital care absolutely necessary. There are many studies 
and articles that have been dedicated to the effects of pre-hospital care on the survival rate of 
subjects [3] [5] [6]. There is evidence that a trained first responder can improve the outcomes of 
trauma patients in situations where the time to reach a hospital (including pre-hospital transport) 
is over two hours from the time of injury [5] [6]. Obtaining confirmation of an acute neurological 
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emergency as well as any additional information on the severity of impact at this point could be 
extremely beneficial to a patient’s healthcare physicians.  
Point-of-care (POC) testing brings advanced diagnostics to a patient’s bedside. This is used as an 
effort to assist medical providers with decisions that are based on real-time information. While 
point of care testing usually is associated with blood tests it can involve medical devices, 
imaging, and the adapting of existing technologies for use outside of the hospital. Point-of-care 
technologies with real time bedside capabilities are currently needed to address neurological 
emergencies [8]. Continuous EEG monitoring can be considered a POC technology but the 
complexity of its interpretation along with the time and precision that is required for the proper 
electrode placement limits the utility of using EEG outside of specialized and controlled settings. 
However, successful testing from a portable EEG point of care device could greatly impact the 
triage, transport, and treatment of patients suffering from these emergencies [8]. 
1.4.2 Previous Works 
Literature review of previous work indicates that there have been previous attempts to develop 
handheld methods of screening for certain types of acute neurological emergencies. More 
specifically these devices are geared towards the detection of traumatic brain injuries. As is the 
objective of this thesis project, one such company called BrainScope is aiming to bridge the 
limitations of traditional EEG tools using its novel application of advanced mathematics and 
miniaturized hardware. The application in question known as ZOOM-100 DC has been FDA 
approved as an easy-to-use, non-invasive, and timely point-of-care tool that can assist with an 
initial assessment of brain function as well as provide adjunctive assessment across the 
continuum of brain care [11]. This device is mostly focused on TBI in military settings, with 
future uses to be intended for sports and emergency medicine environments. The ZOOM-100DC 
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comes with many functional features such as pre-test impedance check, spectral averaging and 
display of power spectra, 8 single ended channels (5 differential channels viewable 
concurrently), raw EEG waveforms displayed in real-time and playback mode, as well as 
compact flash storage of digitized raw waveforms and processed results [11] . It is not clear 
whether or not this device is currently being made available for commercial use although studies 
have been done that can adhere to its effectiveness having been tested in a military setting. With 
this device EEG brainwaves are read in through the use of a disposable cap like structure that 
easily sticks onto a patient’s head. One goal of the project presented here is to move away from 
use of a cap.  Additionally, the project presented here attempts to reduce the standard of using 
eight channeled electrodes to collect data down to only three with two of those three being the 
reading electrodes. 
Another handheld device called InfraScanner has been developed by InfraScan, Inc. This 
particular device is a portable screening device that is using Near-Infrared (NIR) technology to 
screen patients for intracranial bleeding, and identify those who would most benefit from 
immediate referral to a CT scan and neurosurgical intervention [12]. Although its basis is not in 
EEG technology the look and feel of the handheld has been referenced in this project as a poster 
child for the ergonomics of the E-hand. Ergonomics is a scientific discipline which focuses on 
using tools and methods that improve worker well-being and overall organizational performance. 
The optimization of ergonomics is very important when designing handheld devices as it will 
allow mobile workers/users to work more efficiently and will be less frustrated at performing 
their jobs. The characteristic accessories of this device that were found to be most interesting is 
its clear and easy to view display, nice and convenient key pad, the unique and comfortable 
appearing outer shell, disposable sensor clips, and docking station. It appears to take little to no 
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time to prep the device to take a reading and a patient measurement is completed in 2-3 minutes 
from start. InfraScanner has many clinical applications including Hospital Emergency Room 
screening, hospital monitoring, sports and the military [12]. This FDA-cleared Infrascanner is 
reported to have been studied at some of the most distinguished teaching, specialty, and pediatric 
hospitals throughout the world. A multi-center clinical trial of approximately 431 patients 
demonstrates that the device is better than a physical examination alone in identifying those 
patients who are at a high risk of intracranial bleeding. Patients can be screened in the ER in 
order to help determine the urgency of TBI treatment and help triage patients for a CT scan. This 
device is unique in its point of care capabilities and can allow first responders to diagnose head 
trauma patients at the exact site of the injury [12]. InfraScanner can also be used as a bedside 
monitoring tool for hospital patients that are undergoing observation. This is due to the fact that 
approximately 20% of trauma-related hematomas do not appear immediately following an 
accident. Both of these devices mentioned have set the standard for ergonomics, functionality, 
real time monitoring capability, and the overall design of the proposed handheld device. This 
device aims to have a look and feel that is closer to the InfraScanner than the Zoom-100 DC with 
the difference being the use of electrodes combined with EEG technology to capture data for the 
purposes of diagnosing acute neurological emergencies. 
1.5 Thesis Outline 
Chapter 1 gives an introduction and background of the thesis topic along with the project 
objective. A literary review is also given assessing the clinical need for point of care device 
technologies in neurological emergencies and previous works done to develop handheld devices 
outside of this project. 
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Chapter 2 covers the design of the prototype’s system, the device packaging, and additional key 
features including the software used for remote desktop analysis. 
Chapter 3 discusses the device setup for the validation of the prototype and the experimental 
results from device testing. 
Chapter 4 is the conclusion of the thesis and also discusses future work. 
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2. Experimental Design and Methods 
2.1 Experimental System Overview 
Provided in Figure 1, is a functional breakdown of the hardware components used for the 
handheld EEG system. The main focus for this setup is to sample a user’s brainwaves through a 
set of three silver/silver chloride electrodes at some location on the scalp. These electrodes will 
be attached to the back of the device. In order to sample brainwaves, first the device must 
measure whether or not the electrodes are in sufficient contact range with the head to be able to 
take a good reading. The force sensor resistor component is responsible for measuring the 
amount of pressure being applied across the electrodes.  This allows the device’s firmware to 
determine if the applied pressure on the system electrodes is within a given threshold. If the 
 
 
Figure 1: Block Diagram of Handheld Device 
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applied pressure is within the acceptable threshold range, then the device can efficiently take an 
EEG reading (enough pressure has been applied to press the electrodes onto the scalp) and the 
EEG data is then sampled and read in through all three electrodes. This data is transmitted via 
connector cables to the ADS chip of the custom board. This analog data is then transmitted to the 
dsPIC33 microcontroller where it is processed and converted into a digital signal via an analog-
to-digital converter module. This digital signal is then transmitted via the UART peripheral to 
the RN-42 Bluetooth module where it is again processed and broken down into something that 
the Bluetooth will be able to recognize and send. The digital signal is then sent via Bluetooth to a 
remote desktop computer (a laptop) where it will be displayed to and subsequently analyzed by 
the user using a specialized software program. 
2.2 Conceptual User Interface Design 
The flowchart shown in Figure 2 presents a flow diagram of events that take place in the EEG 
handheld firmware code to successfully read the brainwaves of a patient and transmit that data 
via Bluetooth to remote desktop. For the purposes of this project we are not too concerned about 
what will happen once the data has been received on the front end.  Rather, the primary goal for 
this work is to be able to retrieve and display the EEG data in a graph like form. This user 
interface design would be intended for a future more stable version of the final handheld device. 
Looking at the flow chart you can see that first the user is instructed to power on the device by 
pressing the power button symbol on the right hand side of the device. Once the device has been 
switched on the button should light up green and a trigger sounds a welcome alarm to alert the 
user that the button press was successful. The user will then be able to view a message on the 
LCD display that says, “Welcome” for a short amount of time before it goes idle. The user is 
then alerted to manually start the connection to Bluetooth. The user will then activate the 
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connection on the front-end software from the remote desktop device. Then looking at the 
continued flowchart in Figure 3, the device should then check for a sufficient Bluetooth 
connection while displaying a message on the LCD of “Connecting” and flashing the Bluetooth 
connection LED continuously on and off. The user will then activate the connection on the front-
end software from the remote desktop device.  
 
Figure 2: User Interface Flowchart #1 
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Once a stable connection has been established the LCD screen should display a message of 
“Connection established. Place device on scalp.” Basically there has to be a port-to-port 
handshaking connection mechanism that happens in order to establish that packets of data can 
actually be sent over the Bluetooth. At this moment the indicator LED stalls red. However, if a 
connection cannot be established then the user is asked to keep trying until it has established one. 
The user is then instructed to position the device on the scalp and hold in place. While doing so 
the device’s firmware will run a program to check the force sensor resistor component’s 
closeness to the subject’s scalp by gauging the amount of pressure applied by pressing the device 
down on the head. Basically the idea here is to make sure that the electrodes are close enough to 
 
 Figure 3: User Interface Flowchart #2 
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the scalp to read the EEG brainwaves correctly and get a good signal. If the pressure is outside 
the pressure threshold range then the user is alerted by the indicator light to apply more pressure 
until it stops blinking and just glows red. However, if the values are within the threshold then it 
is safe to tell the user that the device is ready to sample EEG data. Then it is just a matter of 
waiting for the sample button to be pressed. Once it has been pressed and held then the data can 
be read from the electrodes and processed for transmittal over the Bluetooth. While the data is 
being transferred the system may check to see whether or not the transfer has been complete. 
Once it has then a message will be displayed to the user saying “Complete…Next one!” At this 
point the user would then know that it is time to reposition the handheld device in a different 
location and then start the process all over again. 
One of the challenges that must be addressed that is not included in the flow chart in Figure 2 or 
Figure 3 is what will happen if the Bluetooth connection is lost in the middle of transmitting the 
data. There will probably be a need to incorporate some sort of error catching loop on the front 
end software on the remote device that will cause the system to try to re-establish the connection 
if this does happen. I would then have to have another alert to the user telling them that a 
connection has been lost or the data has not been received yet and that they should continue to 
hold the sample button until their transaction has been completed. Further investigation will have 
to occur to see how the current hardware system handles this problem. 
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2.3 Experimental Force Sensor Resistor (FSR) Component Design 
Figure 4 breaks down the set up that was used to build an experimental FSR circuit and test its 
functionality. This particular set up was modified during the course of development to 
incorporate three separate force sensor resistors to thoroughly complete a full FSR component. 
First a FSR is connected to a voltage source and put in series with a 10kohm resistor. Between 
this is connected an analog voltage output source that is reading values for the FSR from a multi-
meter to an ADC of a pic24F microcontroller housed on a Microchip Explorer 16 Board. A small 
program has been set up in MPLAB X IDE that reads analog output values from the FSR (when 
pressed) from a channel and converts those values through the analog-to-digital converter to 
digital values. Each of the 10-bit values is then taken and shifted down to 8-bit binary values that 
 
Figure 4: Standalone Block Diagram of FSR Component 
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are output to PORTA to be displayed on the explorer board’s LEDs. This LED output was 
temporarily put in place to verify that data was being received from the FSR and converted 
properly.   
So ideally the way this portion of the device works is that the MPLAB X firmware is 
downloaded onto the pic24F microchip and executed. The program will then use the 
microcontroller’s LCD display to prompt the user with a welcome message and asks them to 
place the handheld device on top of the head to begin gauging for contact pressure.  This part of 
the program is representative of the user first interacting with the device once turned on and 
preparing it properly for signal reading. Once the device has been positioned (pressure has been 
applied to the force sensor resistors) the LCD display alerts the user that the pressure reading and 
analog to digital conversion of values is taking place. In other words the device is now gauging 
the amount of pressure being applied to the FSR component in order to determine the distance 
between the component and the subject’s scalp. 
The values received from the process are checked against various thresholds set up in the 
firmware’s code. These thresholds determine whether the user is applying no pressure, light 
pressure, medium pressure, and high or to too much pressure on the resistors. The pressure 
values in binary as well as a message regarding the amount of pressure are sent via UART to a 
putty terminal command prompt for purposes of verification. The messages are also displayed on 
the microcontroller’s LCD display. These display methods served as visual confirmation that the 
component was behaving correctly and that it is possible to efficiently determine an adequate 
range of contact with a subject’s head via measuring the applied force. The user is alerted once 
the device is determined to be close enough to the scalp (enough pressure has been applied) that 
the electrodes will be able to begin recording EEG brainwaves. 
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2.4 Device Packaging Design 
The following images shown in Figure 5, Figure 6, and Figure 7, are SolidWorks drawing concepts 
that represent the outward casing of the handheld device in its final stage. The size of the case 
was selected to be approximately a little bit bigger than the average standard with the Bluetooth 
module and battery. The grey button positioned in the middle of the front of the case would be a 
button that when pressed would begin sampling EEG data.  
 
 
 
 
 
Figure 5: Front View of Handheld Case 
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The grey rectangular section above this button, would be made out of some soft gel like or 
rubber material that would serve as a resting place for the index and middle fingers when holding 
the device. Right above this is where a 20x2 I2C LCD display screen would sit. This screen is 
responsible for giving the user step-by-step instructions on how to prep the device for EEG 
recording and transmission via Bluetooth. The two holes at just above the LCD screen would 
house LEDs, one as an indicator for contact pressure and one to indicate proper Bluetooth 
connection. The right side of the case contains a hole specifically cut to be able to insert a mini 
USB into the board to charge the battery. The left side of the case contains a hole where the 
device’s on/off switch is located.  The device also includes an attached referencing electrode 
clip. The white and blue coloring of the casing makes for a very nice and presentable display 
while welcoming/inviting the user to use it. A compartment has also been built on the inside of 
the bottom layer of the device to allow the custom hardware board to fit securely inside. 
 
 
Figure 6: Back View of Handheld Case 
    
Figure 7: Inside View of Handheld Case 
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2.6 Remote Device 
The remote device is the end user application. This device will come equipped with the software 
that is necessary to retrieve the recorded EEG data to be visualized by the user. It also has the 
ability to control the connection to the Bluetooth module. The current remote target device is a 
standard laptop. However future work would possibly allow for the device to become 
interchangeable allowing data to be viewed in a similar manner on a desktop PC or perhaps a 
tablet. The main focus for this feature of the design is to allow for portability. The remote device 
software is to be used to interface with the handheld device and view the results in real-time. 
2.7 Remote Desktop Software 
Members of our research group have written a software program to handle the connection of the 
handheld device with remote desktop through Bluetooth (as seen in Figure 8), initiating the 
collection of data, as well as graphing and displaying that data in real time. The software also has 
 
Figure 8: Software UI - Connecting to Bluetooth Device 
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the capability to select the number of channels to read from during each individual session with 
up to eight channels in total. Graphical representations of the data captured can be re-viewed 
after the user has stopped data collection with the ability to select and view only the channels of 
interest. Figure 9 displays a traffic light graphic that appears at the top of the software home 
screen. Hovering over this graphic alerts the user of the status of device connection. When the 
traffic light is green the software and device are connected. Clicking this icon will disconnect the 
device making the traffic light turn red. Any spooling or waiting for a connection to be 
established in between these actions results in a yellow light. 
Once a Bluetooth connection has been established between the remote software and the device 
then the user will be alerted that the connection test passed (as seen in Figure 10) and then be 
presented with the screen as seen in Figure 11. Here the user can click the number of channels 
they want to read from and press the start button to initiate data collection. Once data collection 
has begun, the user would be prompted to click “Ok” to begin the collection session (as seen in 
Figure 11). 
 
 Figure 9: Software UI Alert- Connection to Device 
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Figure 10: Software UI - Connection Test Passed 
 
Figure 11: Software UI - Begin Data Collection 
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Once the device begins sampling the data will be continuously graphed on the Live EEG feed 
directly in the middle of the screen. At this point the user has the option of pausing, stopping, or 
continuing to play the graph. Figure 12 shows an example of a data set that had been graphed 
from a previous capture. It is then possible to select and de-select each of the channels to only 
show the graph for the channel of interest. As a second option since the data is output to a text 
file the user can then take this data and graph it using a script. The device is currently configured 
to read data from channels one and two at a gain of 24 and test sampling mode. Figure 13 presents 
an alternative screen in which the user can configure the device specifically based on the need 
for that particular session. Currently this portion of the software does not work as well as it 
should and is not in use. Future work would include having to update this software in order to 
make it sufficient and stable. 
 
Figure 12: Software UI - Live EEG Data Feed 
31 
 
 
 
  
  
 
Figure 13: Software UI - Set Configuration 
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3. Current Work and Results 
3.1 Preliminary Testing 
3.1.1 Testing of Handheld Setup with Initial Software 
Three electrode holding clips (one for ground and two for reading) and a reference clip were 
soldered to a custom hardware board equipped with Bluetooth capabilities. The clips were 
fastened to a blank outlet cover which allows the electrodes to be held in a secure fashion. The 
electrodes are placed in the center of each clip with the prongs protruding outward to come in 
contact with the scalp. These electrodes are positioned in a triangular fashion to allow for easy 
placing of reading electrodes in different spots of the head around the ground electrode. The 
ground electrode since placed in the center of the head would allow for easy pivoting in a 
circular fashion. The electrode component is placed on top of a subject’s head with the ground 
electrode in the center and the two reading electrodes on the forehead to measure brainwaves 
from FP1 and FP2.  Each electrode is prepped with conductive gel prior to placement and the 
reference electrode clip was prepped and attached to the subject’s earlobe. Once placed on the 
head a python program is executed that is responsible for connecting to the board’s Bluetooth 
module, gathering impedance data, and presenting the user with a pop up to begin recording data.  
Tests were conducted with the electrodes prepped and when dry. Both sets of tests concluded 
with the same results when the data was run through an analysis script. The data resulted in a flat 
line indicating that the electrodes were not capable of reading anything. Figure 14 shows an 
example of the types of plots that were being received when running the python software while 
the electrode component was left to sit idle off of the head. However, this does not look even 
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remotely close to what the actual EEG output should look like. The graph appears to show what 
could have potentially been an eye blink but is only a mixture of static and noise. 
 
3.1.2 Testing of FSR Component 
Appendix A gives the initial firmware for an experimental FSR component. This code was run 
through MPLAB X and downloaded onto a Microchip Explorer 16 board with a working LCD 
screen. When the power button on the Explorer 16 button is pressed, the user is prompted on the 
LCD screen with a friendly greeting of “Welcome”. Next the user is prompted to connect to 
Bluetooth and to position the device on the head and prepare to take a reading. Once reading 
begins a message is displayed on the LCD screen of “Gauging” making the user aware that the 
reading is actually taking place. At this moment in time an analog to digital converter is reading 
 Figure 14: Example Data Output 
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in data from a set of channels that are connected to each of the individual electrodes. This 
information is read into a function and converted from analog to digital values. The 10 bit analog 
value is converted to an 8 bit digital binary value. These values are then measured against six 
different threshold values. This determines the amount of pressure that is being applied to the 
force sensor resistor whether that be little pressure, a medium amount of pressure, or even too 
much pressure. This information is then sent through UART to be displayed on a putty terminal. 
One thing that was most interesting about this part of experimentation is the fact that it 
apparently does not take a lot of pressure to reach the maximum threshold which is a little bit 
less than or equal to 100. This is due to the sensitivity of the force sensor resistors themselves. 
These threshold values were discovered during a prior calibration experiment. During this 
experiment I used a single force sensor resistor ran the program, and took some measurements of 
pressure at different resistances. Calibrated weights were used to set the standard for pounds 
which would help in gauging what sort of range was needed to determine the threshold for 
sufficient pressure contact. 
Basically the idea here is to make sure that the electrodes are pressed close enough against the 
scalp to be able to read the EEG brainwaves correctly and get a good signal. If the pressure is 
outside the range, then the user is alerted by some indications/message to apply more pressure. 
However, if the values are within the threshold then it is safe to tell the user that the device is 
ready to sample EEG data. There are a few bugs to work out within the code in order to get the 
information to display within a putty terminal like it did before. However, this component is a 
critical piece to have in the final prototype of the handheld, as it applies to a subject’s level of 
comfortability when attempting to read EEG data from their scalp. The bristled electrodes at 
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times are uncomfortable when pressed near the scalp so the lighter the amount of pressure 
necessary to produce a good reading the better. 
3.2 Experimental Testing 
3.2.1 Testing of Handheld With New Software 
A series of various tests were conducted using the new software user interface which is capable 
of streaming live EEG. An experimental test was created which was to be performed over 
approximately 1 minute. The test steps are as follows: 
(1) Place the device on the subject’s head at 0s 
(2) Do nothing for 10 seconds 
(3) At 10 seconds perform three consecutive eye blinks 
(4) At 20 seconds rest and do nothing for 10 seconds 
(5) At 30 seconds close eyes and rest for 20 seconds 
(6) At 50 seconds take the device off of the subject’s head 
The test was conducted several times but proved to produce inconclusive results. The following 
output has been run through a filtering script in order to eliminate some of the background noise 
and artifacts to produce a fairly decent graphical representation. Figure 15 shows an example of 
the Live EEG graph produced within the UI of the software. Figure 16 is a graphical 
representation produced through python script filtering of the raw data output. The y-axis of the 
graph is in microvolts while the x-axis is the sample number. Therefore at 500 samples per 
second there would be approximately 2 milliseconds between each sample. So between 6000 and 
9000 samples we can see what could appear to be possibly an eye blink. 
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Figure 15: Live EEG Output 
 
Figure 16: EEG Experimental Result Output 
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3.3 Validation 
3.3.1 Baseline Testing of Electrodes via g.Tec System 
In order to narrow down the problem a separate set of electrodes and clips were connected to the 
gTec system and tested to make sure that the problem did not lie in the electrodes and that they 
were capable of reading quality EEG data. A baseline test was conducted which consisted of 
performing eye blinks one at a time, jaw quenching for 30 seconds, 3 consecutive eye blinks in a 
row, closing the eyes and relaxing for a few seconds, looking to the left and to the right without 
moving the head. The results seemed to be fairly good and resemble actual EEG as seen Figure 
17, Figure 18, and Figure 19. In Figure 19, one can see some fairly decent alpha waves as seen 
coming from FP2 more than FP1 from about 9Hz up to 11Hz. From the 19.20 second to 20.20 
second mark there are precisely 10 peeks which is representative of perfect alpha band. 
 
Figure 17: Baseline Test Results - Eye Blinks 
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Figure 19: Baseline Tests - Alpha Band Waves 
 
Figure 18: Baseline Test Results - Jaw Quench 
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The following are the channel impedances checked prior to test execution: 
Amp 0 Ch.  1 (UB-2012.05.27/01)   1 (FP1):    49.1 kOhm 
Amp 0 Ch.  2 (UB-2012.05.27/02)   2 (FP2):    36.7 kOhm 
 
Amp 0 Ch.  1 (UB-2012.05.27/01)   1 (FP1):    15.0 kOhm 
Amp 0 Ch.  2 (UB-2012.05.27/02)   2 (FP2):    13.2 kOhm 
 
Amp 0 Ch.  1 (UB-2012.05.27/01)   1 (FP1):     9.3 kOhm 
Amp 0 Ch.  2 (UB-2012.05.27/02)   2 (FP2):     7.6 kOhm 
 
Amp 0 Ch.  1 (UB-2012.05.27/01)   1 (FP1):     8.1 kOhm 
Amp 0 Ch.  2 (UB-2012.05.27/02)   2 (FP2):     5.8 kOhm 
 
Amp 0 Ch.  1 (UB-2012.05.27/01)   1 (FP1):     9.1 kOhm 
Amp 0 Ch.  2 (UB-2012.05.27/02)   2 (FP2):     7.4 kOhm 
3.3.2 Baseline Testing of Electrodes via OpenBCI 
The following figures show screenshots of the results of running the same kind of experimental 
tests presented in section 3.2.1 using the electrode setup and OpenBCI. Figure 20 clearly shows a 
clear series of EEG eye blinks. Figure 21 showcases fairly small alpha band waves with a very 
nice peek coming in at frequency of 10 Hz, and the lastly Figure 22 gives an example of an 
impedance check. The results were captured with the electrodes setup up connected to the 
OpenBCI device. Both the reference electrode clip and each individual reading electrode had to 
 
Figure 20: OpenBCI - Eye Blinks 
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be prepped in order to acquire a decent signal reading output. The conductive gel definitely had a 
big impact on signal acquisition and without it, it was extremely difficult to pick up anything 
remotely recognizable in the UI. 
 
 
  
 
Figure 21: OpenBCI Test Results - Alpha Band Waves 
 
Figure 22: OpenBCI Tests - Impedance Check 
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4. Conclusion and Future Work 
4.1 Conclusion 
Initial experimentation indicates that the proposed design is capable of creating a handheld EEG 
system with signal acquisition capabilities. However comparing results taken from OpenBCI 
with that of the experimental system suggests that it is not stable enough to be able to reject the 
common mode when attempting to process EEG signals. What this means is that the standard for 
proper collecting of EEG and signal acquisition requires having eight channels connected even if 
only reading from one or two. Figure 23 and Figure 24 display the handheld device in real time. 
Modifications will need to continue to be made in order to produce a product that matches the 
casing designs outlined in the previous section. The first image shows how the device can be 
pressed onto the head and the second image shows how the device looks when held in the user’s 
hand. 
 
Figure 24: Device Prototype in Action 
 
Figure 23: Device Prototype Front View 
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4.2 Future Work 
There is still quite a bit of work that needs to be done to include the FSR component in the final 
copy of the device and to achieve proper EEG recording from the custom board using the 
described electrodes. The force sensor resistors would be placed in between the electrodes and 
the back of the device casing. The pressure applied onto the electrodes when pressed on to the 
head would be translated through the resistors and this component would help indicate whether 
or not the electrodes have actually come in contact with the scalp. It would also help the user to 
determine how much pressure is too much when pressing down onto the head. The purpose of 
this and the impedance checks are to eliminate any extra pain or discomfort experienced by the 
subject and also to make sure quality EEG can be acquired. 
Further work will need to be conducted to find a solution to the electrode flat lining problem. 
Once these adjustments are put in place the platform will serve as a steady base for testing and 
development of a virtual brain map software can begin that will present the data captured to the 
user in a more elaborate and creative fashion. The brain map would be developed in such a way 
that it will link the data with the region of the brain the signals are coming from and also have a 
way of identifying the areas of the brain most affected by acute neurological emergencies along 
with their severity. An active LCD display will also need to be put in place and the device’s 
hardware modified to accommodate for its user interface. 
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Appendix A – MPLAB Firmware Code 
/* 
 * File: FSRLight Test.c 
 * Author: Brittany Jones 
 * 
 * Description: The purpose of this code is to introduce the user to the device  
 * by presenting them with a welcome message. The device then asks them to position 
 * it to start gauging for contact pressure to make sure the electrodes are 
 * close enough to the scalp to take a reading. The digital output of the force sensor 
 * resistors will be sent via uart to a putty terminal. This terminal will print the 
 * output value as well as how much pressure is being applied to the device. The user 
 * is alerted when too much pressure is applied as well as when enough has been applied 
 * to get ready to begin data sampling. 
 * 
 * Created on: February 27, 2014, 10:04 AM (Modified February 27 - April 21) 
 * Last Modified: April 22, 2014 
 */ 
 
#include "xc.h" 
//#include "config33.h" 
#include "config.h" 
#include <stdlib.h> 
#include <stdio.h> 
#include <string.h> 
#include "CONU2.h" 
#include "EX16.h" 
#include "LCD.h" 
 
#define AN0_CH   0         // ch 0 = analog output of FSR1 
#define AN2_CH   2 
#define AN4_CH   4 
#define ANMASK  0xFFEA    // AN0, AN2, and AN4 as analog input 
 
#define powerOnBtn PORTDbits.RD6 
#define DELAY  20000 
 
 char c; 
 int channel; 
 int initVal; 
 int fsrReading; 
 
void gaugePressure( int chan){ 
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     //Read analog values from channel AN0 
     initVal = ReadADC(chan); 
 
     if(initVal){ 
 
         if(ReadADC(chan)){ 
 
         // reduce the 10-bit result to a 8 bit value (shift right by 3) 
         fsrReading = initVal >> 3; 
 
         //Converting analog voltage from integer to a string 
         char voltage[10]; 
         itoa(voltage, fsrReading, 10); 
 
         //Converting channel integer to a string 
         char channel[10]; 
         itoa(channel, chan, 10); 
 
           //Test the digital values against thresholds to gauge amount of pressure 
           if (fsrReading == 0) 
           { 
                ClrLCD(); 
                putsLCD("Gauging...."); 
                Delayms(1000); 
 
                putsU2("------Reading from Channel -------"); 
                putsU2(channel); 
                putsU2("The value is: "); 
                putsU2(voltage); 
                putsU2("No pressure"); 
 
                //Turn on LED 
                PORTA = 0x1; 
                return; 
            } 
            else if (fsrReading < 10) 
            { 
                ClrLCD(); 
                putsLCD("Gauging...."); 
                Delayms(1000); 
 
                putsU2("------Reading from Channel -------"); 
                putsU2(channel); 
                putsU2("The value is: "); 
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                putsU2(voltage); 
                putsU2("Little to no pressure"); 
 
                //Turn on LED 
                PORTA = 0x1; 
             } 
             else if (fsrReading < 20) 
             { 
                  ClrLCD(); 
                  putsLCD("Gauging...."); 
                  Delayms(1000); 
 
                  putsU2("------Reading from Channel -------"); 
                  putsU2(channel); 
                  putsU2("The value is: "); 
                  putsU2(voltage); 
                  putsU2("Light pressure"); 
 
                  //Turn on LED 
                  PORTA = 0x1; 
             } 
             else if (fsrReading < 35 ) 
             { 
                   ClrLCD(); 
                   putsLCD("Gauging...."); 
                   Delayms(1000); 
 
                   putsU2("------Reading from Channel -------"); 
                   putsU2(channel); 
                   putsU2("The value is: "); 
                   putsU2(voltage); 
                   putsU2("Light squeeze"); 
 
                   //Turn on LED 
                   PORTA = 0x1; 
             } 
             else if (fsrReading < 55 ) 
             { 
                  ClrLCD(); 
                  putsLCD("Gauging...."); 
                  Delayms(1000); 
 
                  putsU2("------Reading from Channel -------"); 
                  putsU2(channel); 
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                  putsU2("The value is: "); 
                  putsU2(voltage); 
                  putsU2("Medium pressue"); 
 
                  //Turn on LED 
                  PORTA = 0x1; 
             } 
             else if (fsrReading < 70) 
             { 
                  putsU2("------Reading from Channel -------"); 
                  putsU2(channel); 
                  putsU2("The value is: "); 
                  putsU2(voltage); 
                  putsU2("Medium squeeze"); 
 
                  ClrLCD(); 
                  SetLCDC(0x0+0); 
                  putsLCD("Ready to"); 
                  SetLCDC(0x40+0); 
                  putsLCD(" sample..."); 
                  Delayms(500); 
 
                  //Turn on LED 
                  PORTA = 0x1; 
             } 
             else if (fsrReading < 100) 
             { 
                  putsU2("------Reading from Channel -------"); 
                  putsU2(channel); 
                  putsU2("The value is: "); 
                  putsU2(voltage); 
                  putsU2("Too much pressure"); 
 
                  ClrLCD(); 
                  SetLCDC(0x0+0); 
                  putsLCD("Too much"); 
                  SetLCDC(0x40+0); 
                  putsLCD(" pressure"); 
                  Delayms(700); 
 
                  ClrLCD(); 
                  putsLCD("Reposition"); 
                  Delayms(500); 
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                  //Turn on single LED 
                  PORTA = 0x1; 
                  Delayms(100); 
 
                 //Turn all LED off and wait for a 1/4 of a second 
                 PORTA = 0; 
                 Delayms(10); 
 
             } 
 
             //Wait for a short amount of time to output each value 
              Delayms(1000); 
        } 
    } 
} 
 
 main() { 
 
     //Initialize ADC to converter to convert values from channels 0,2,and 4 
     InitADC(ANMASK); 
      
     //Initialize LCD module 
     InitLCD(); 
 
     //Initialize serial port 
     InitU2(); 
 
     //Prompt to the putty terminal 
    // putsU2('>>'); 
 
     TRISA = 0xff00; // all PORTA pins as outputs 
     T1CON = 0x8030; 
     Clrscr(); 
     Home(); 
      
     while(1) 
     { 
          if(powerOnBtn) 
          {  
             //Turn on device and welcome user 
             putsLCD("Welcome"); 
             Delayms(1000); 
             ClrLCD(); 
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             //Check to see if connection to bluetooth 
             SetLCDC(0x0+0); 
             putsLCD("Connect to"); 
             SetLCDC(0x40+0); 
             putsLCD(" bluetooth"); 
             Delayms(1500); 
             ClrLCD(); 
 
             SetLCDC(0x0+0); 
             putsLCD("Position the"); 
             SetLCDC(0x40+0); 
             putsLCD(" device"); 
             Delayms(1500); 
             ClrLCD(); 
 
             //Begin reading only when device is powered on 
              while(powerOnBtn){ 
                   
                 //Read pressure values through each channel sequentially one at a time 
                 channel = AN0_CH; 
                 gaugePressure(channel); 
 
                 channel = AN2_CH; 
                 gaugePressure(channel); 
                  
                 channel = AN4_CH; 
                 gaugePressure(channel); 
 
              } 
            } 
        } 
     } 
 
 
/*  
 * Created on February 8, 2014, 1:55 PM 
 * 
 * File:   LCD.c 
 * LCD Support functions 
 */ 
 
#include "xc.h" 
#include "LCD.h" 
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void InitLCD( void) 
{ 
    // PMP initialization 
    PMCON = 0x83BF;             // Enable the PMP, long waits 
    PMMODE = 0x3FF;             // Master Mode 1 
    PMAEN = 0x0001;             // PMA0 enabled 
 
    // init TMR1 
    T1CON = 0x8030;             // Fosc/2, 1:256, 16us/tick 
 
    // wait for >30ms 
    TMR1 = 0; while( TMR1<2000);// 2000 x 16us = 32ms 
 
    //initiate the HD44780 display 8-bit init sequence 
    PMADDR = LCDCMD;            // command register 
    PMDATA = 0b00111000;        // 8-bit, 2 lines, 5x7 
    TMR1 = 0; while( TMR1<3);   // 3 x 16us = 48us 
 
    PMDATA = 0b00001100;        // ON, cursor off, blink off 
    TMR1 = 0; while( TMR1<3);   // 3 x 16us = 48us 
 
    PMDATA = 0b00000001;        // clear display 
    TMR1 = 0; while( TMR1<100); // 100 x 16us = 1.6ms 
 
    PMDATA = 0b00000110;        // increment cursor, no shift 
    TMR1 = 0; while( TMR1<100); // 100 x 16us = 1.6ms 
} // InitLCD 
 
char ReadLCD( int addr) 
{ 
    int dummy; 
    while( PMMODEbits.BUSY);    // wait for PMP to be available 
    PMADDR = addr;              // select the command address 
    dummy = PMDATA;             // initiate a read cycle, dummy 
    while( PMMODEbits.BUSY);    // wait for PMP to be available 
    return( PMDATA);            // read the status register 
 
} // ReadLCD 
 
void WriteLCD( int addr, char c) 
{ 
    while( BusyLCD()); 
    while( PMMODEbits.BUSY);    // wait for PMP to be available 
    PMADDR = addr; 
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    PMDATA = c; 
} // WriteLCD 
 
void putsLCD( char *s) 
{ 
    while( *s) putLCD( *s++); 
} //putsLCD 
 
 
/* 
 * File:   EX16.c 
* 
 * Created on February 11, 2014, 11:51 PM 
 */ 
 
#include <xc.h> 
#include "EX16.h" 
 
void InitEX16 (void) 
{ 
 // if using a GA1 or GB1 PIM, initialize the PPS module 
#if defined(__PIC24FJ256GB110__) || defined(__PIC24FJ256GA110__) 
#include <pps.h> 
 InitPPS(); 
#endif 
  
    //Prepare port A for use with the LED bar 
    LATA=0; //all LED off 
    TRISA= 0xFF00; //all output 
} 
 
//A function that provides a delay of an exact number of milliseconds 
void Delayms( unsigned t) 
{ 
    T1CON = 0x8000; //enable tmrl, Tcy, 1:1 
    while (t--)     //wait for t (msec) 
    { 
        TMR1=0; 
        while (TMR1 < (FCY/1000)); //wait 1ms 
    } 
} 
 
// initialize the ADC for single conversion, select input pins 
void InitADC( int amask) 
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{ 
    //AD1CON1 Register values 
    AD1PCFG = amask;    // select analog input pins 
    AD1CON1 = 0x00E0; //autoconvert after end of sampling 
 
     //AD1CSSH/AD1CSSL: A/D Input Scan Selection Register 
    //Channel Scan is disabled, default state 
    AD1CSSL = 0;        // no scanning required 
 
    //AD1CON3 Register values 
     AD1CON3 = 0x1F01; // sample time=31Tad, Tad=2xTcy=125ns 
      
    //AD1CON2 Register values 
    // use MUXA, AVss and AVdd used as Vref 
    AD1CON2 = 0; 
 
    AD1CON1bits.ADON = 1; // turn on the ADC 
 
    // Explorer 16 Development Board Errata (work around 2) 
    // RB15 should always be a digital output 
    _LATB15 = 0; 
    _TRISB15 = 0; 
} // InitADC 
 
int ReadADC( int ch) 
{ 
    AD1CHS  = ch;               // select analog input channel 
    // start sampling, automatic conversion will follow 
    AD1CON1bits.SAMP = 1; 
    while (!AD1CON1bits.DONE);  // wait to complete conversion 
    return ADC1BUF0; 
} // ReadADC 
 
 
/* 
** CONIO.C 
** Basic CONSOLE I/O for Explorer16 demonstration board 
*/ 
 
#include <xc.h> 
#include "CONU2.h" 
 
// I/O definitions for the Explorer16 
#define TRTS    TRISFbits.TRISF13   // tris control for RTS pin 
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// timing and baud rate settings 
#define BRATE       34      // 115200 baud (BREGH=1) 
#define U_ENABLE 0x8008     // enable the UART peripheral 
#define U_TX     0x0400     // enable transmission 
 
// init the serial port (UART2, 115200@32MHz, 8, N, 1, CTS/RTS ) 
void InitU2( void) 
{ 
    U2BRG   = BRATE; 
    U2MODE  = U_ENABLE; 
    U2STA   = U_TX; 
    RTS     = 1;        // set RTS default status 
    TRTS    = 0;        // make RTS output 
} // InitU2 
 
// send a character to the UART2 serial port 
int putU2( int c) 
{ 
    while ( CTS);               // wait for !CTS, clear to send 
    while ( U2STAbits.UTXBF);   // wait while Tx buffer full 
    U2TXREG = c; 
    return c; 
} // putU2 
 
// wait for a new character to arrive to the UART2 serial port 
char getU2( void) 
{ 
    RTS = 0;            // assert Request To Send !RTS 
    while ( !U2STAbits.URXDA);  // wait for a new character to arrive 
    RTS = 1; 
    return U2RXREG;     // read the character from the receive buffer 
}// getU2 
 
// send a null terminated string to the UART2 serial port 
void putsU2( char *s) 
{ 
    while( *s)          // loop until *s == '\0' the  end of the string 
        putU2( *s++);   // send the character and point to the next one 
    putU2( '\r');     // terminate with a cr / line feed 
    putU2( '\n'); 
} // putsU2 
 
char *getsnU2( char *s, int len) 
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{ 
    char *p = s;            // copy the buffer pointer 
    do{ 
        *s = getU2();       // wait for a new character 
        putU2( *s);         // echo character 
 
        if (( *s==BACKSPACE)&&( s>p)) 
        { 
            putU2( ' ');     // overwrite the last character 
            putU2( BACKSPACE); 
            len++; 
            s--;            // back the pointer 
            continue; 
        } 
        if ( *s=='\n')      // line feed, ignore it 
            continue; 
        if ( *s=='\r')      // end of line, end loop 
            break; 
        s++;                // increment buffer pointer 
        len--; 
    } while ( len>1 );      // until buffer full 
 
    *s = '\0';              // null terminate the string 
 
    return p;               // return buffer pointer 
} // getsnU2 
     
 
/*  
 * File:   config.h 
 * 
 * Created on February 25, 2015, 1:01 PM 
 */ 
 
#include <p24FJ128GA010.h> 
 
   _CONFIG1( JTAGEN_OFF   // disable JTAG interface 
   & GCP_OFF   // disable general code protection 
   & GWRP_OFF   // disable flash write protection 
   & ICS_PGx2   // ICSP interface (2=default) 
   & FWDTEN_OFF)   // disable watchdog timer 
   _CONFIG2( IESO_OFF   // two speed start up disabled 
   & FCKSM_CSDCMD   // disable clk-switching/monitor 
   & FNOSC_PRIPLL   // primary oscillator: enable PLL 
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   & POSCMOD_XT)   // primary oscillator: XT mode 
 
/* 
 * File:   CONU2.h 
 * 
 * Created on February 1, 2014, 9:33 PM 
 */ 
 
/* 
** 
** console I/O library for Explorer16 board 
*/ 
// I/O definitions for the Explorer16 
#define CTS _RF12 // Clear To Send, in, HW handshake 
#define RTS _RF13 // Request To Send, out, HW handshake 
#define BACKSPACE 0x8 // ASCII backspace character code 
// useful macros 
#define Clrscr() putsU2( "\x1b[2J") // Clear the screen 
#define Home() putsU2( "\x1b[1;1H") // return cursor home 
#define pcr() putU2( '\r' ); putU2( '\n') // carriage return 
 
// init the serial port (UART2, 115200, 8, N, 1, CTS/RTS) 
void InitU2( void); 
// send a character to the serial port 
int putU2( int c); 
// wait for a new character to arrive to the serial port 
char getU2( void); 
// send a null terminated string to the serial port 
void putsU2( char *s); 
// receive a null terminated string in a buffer of len char 
char * getsnU2( char *s, int n); 
 
/* 
**  EX16.h 
** 
**  Standard definitions for use with the Explorer16 board 
*/ 
 
#ifndef _EX16 
#define _EX16 
 
#include <xc.h> 
 
#if defined(__PIC24FJ256GB110__) || defined(__PIC24FJ256GA110__) 
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#include <pps.h> 
#endif 
 
#if __C30_VERSION__ >= 300 
#undef _ISR 
#define _ISR __attribute__((interrupt,no_auto_psv)) 
#undef _ISRFAST 
#define _ISRFAST __attribute__((interrupt,shadow,no_auto_psv)) 
#endif 
 
#define FCY 16000000UL      // instruction clock 16MHz 
 
#define USE_AND_OR  // use OR to assemble control register bits 
#define _FAR __attribute__(( far)) 
 
// prototypes 
void InitEX16( void);       // initialize the Explorer 16 board 
 
void Delayms( unsigned t);  // wait for t x 1msec 
 
int GetKEY( void);          // wait for a button to be pressed 
 
int ReadKEY( void);         // check the 4 button inputs status 
 
void InitADC( int amask);   // initialize ADC and analog pins 
int ReadADC( int ch);       // sample/convert one analog input 
 
#endif 
 
/*  
 * Created on February 8, 2014, 1:59 PM 
 * 
 * File:   LCD.h 
 * LCD display module library 
 */ 
 
#define LCDDATA 1 
#define LCDCMD  0 
#define PMDATA  PMDIN1 
 
#define BusyLCD() ReadLCD( LCDCMD) & 0x80 
#define AddrLCD() ReadLCD( LCDCMD) & 0x7F 
#define getLCD()  ReadLCD( LCDDATA) 
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#define putLCD( d)  WriteLCD( LCDDATA, (d)) 
#define CmdLCD( c)  WriteLCD( LCDCMD, (c)) 
#define HomeLCD()   WriteLCD( LCDCMD, 2) 
#define ClrLCD()    WriteLCD( LCDCMD, 1) 
#define SetLCDC( a) WriteLCD( LCDCMD, (a & 0x7F) | 0x80) 
#define SetLCDG( a) WriteLCD( LCDCMD, (a & 0x3F) | 0x40) 
 
#define TFLY 9000       // 9000 x 16us = 144ms 
#define DELAY() TMR1=0; while( TMR1<TFLY) 
 
void InitLCD(void); 
char ReadLCD(int addr); 
void WriteLCD( int addr, char c); 
void putsLCD( char *s); 
 
 
